The interaction of two ruthenium (Ill) 
Introduction
The Ru(lll) complexes, HIm[Rulm2CI4]-abbrev, m-im (Fig. 1A) and Hlnd[Rulnd2CI4] abbrev. ru-ind (Fig. 1B) , show a high antitumour activity in the autocthonous colorectal carcinoma model of rats, a model which simulates the colon cancer of humans very well [1] . Recently, it has been shown by Kratz et al. that the most promising complex, ru-ind, which is far less toxic in long term application than the imidazole analogue, binds within a few minutes to the serum proteins albumin and transferrin [2] . Furthermore, it has been demonstrated that the apotransferdn-bound complex exhibits a higher antitumour activity against human colon cancer cells when compared to the albumin-bound or "free" species [3] . This result suggests that apotransferrin can act as a natural carder of the drug to the tumor tissues owing to the high affinity between this metal transport protein and the large number of transferrin receptors on the surface of tumor cells [4] . Indeed, it has been previously reported that transferdn is responsible for the selective delivery of radioactive 67Ga(lll) complexes to tumor tissues [5] , and it is therefore tempting to exploit the transferrin cycle as a "natural" mute for selective delivery of cytostatic drugs to cancer cells. We therefore decided to investigate the kinetic and mechanistic characteristics of the reaction between the two ruthenium(Ill) complexes and apotransferdn with the aid of HPLC. Furthermore, in order to obtain more precise information on the binding sites of the complexes, soaking experiments of apolactoferrin crystals with the two Ru(lll) complexes were carried out and preliminary results of the subsequent X-ray structure analyses are reported in this paper.
Materials and Methods
The ruthenium(Ill) complexes were synthesized as described earlier [1] and were used in all the experiments from a freshly prepared 5x10 "4 M aqueous solution for ru-ind and a lx10 "2 M aqueous solution for ru-im. Human serum apotransferrin (98%, crystalline, essentially iron free, MW 80,000) (apoTf hereafter) were purchased from Sigma Chemical Company and the latter purified according to standard procedures [6] . For the kinetic and mechanistic studies a physiological buffer was used so that the final concentrations were 0.004 M NaH2PO4, 0.1 M NaCI and 0.025 M NaHCO 3 with pH=7.4.
HPLC studies were performed with a Perkin Elmer Series 410 LC pump and a LC-95 UV/visible spectrophotometer detector. The column used was: (a) Bio-Sil SEC 250, (300 mm x 7.8 mm) from Bio-RAD, mobile phase: 0.15 M NaCI, 0.01 M NaH2PO4, 5% CH3CN pH 7.0.
Human apolactoferrin was prepared and crystallized (in deglycosylated form) as described by Norris et al. [7] . The crystals of apolactoferrin were reacted with the Ru(lll) complexes by soaking them in mother liquor (0.05 M tris-buffer, pH 7.8, containing 7% ethanol and 5% 2-methyl-2,4-pentanediol) to which NaHCO 3 (0.01M) and ru-im or ru-ind had been added to concentrations of 0.01 M and 0.0005 M respectively. Soaking times between 12 hours and 4 weeks were used after which the crystals were removed and mounted in glass capillaries. X-ray data were collected with a Rigaku R-axis image plate detector on a rotating anode generator to a resolution of 2.2 A.
Results and Discussion
Kinetics and mechanism ofprotein-binding
The reactivity pattern of both ru-ind and ru-im with apotransferrin is complicated by the occurence of concomitant hydrolysis processes and substitution reactions with solute species. Surprisingly, in spite of their structural similarity, ru-im and ru-ind exhibit very different reactivity patterns which are reflected in the respective protein-binding abilities. The major differences between the behavior of the two complexes is a kinetic and mechanistic one. Binding of ru-ind to apotransferdn proceeds through the formation of two intermediates which then bind rapidly to the protein as can be seen in the respective chmmatograms (Fig.2 A-C) . minutes), and them is already binding to apotransferrin (5.5 min). After 5 minutes (Fig 2C) the reaction is complete, all of the complex now being bound to apotransferrin. The important thing to note is that this reaction takes place only in the presence of bicarbonate. This is a novel feature of this ruthenium(Ill) complex and implies that it is not simple hydrolysis but that a number of substitution reactions involving bicarbonate are taking place before binding to apotransferrin.
In contrast, it takes 5 hours at 37 oc for ru-im to bind to apotransferrin; the reaction does not depend on bicarbonate, and no intermediates are observed in the chromatograms (Fig. 3A,B) . Fig. 3A shows the reaction of ru-im and apotransferrin after 3 minutes followed at 254 nm and 345 
